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ABST RACT

A computer cost model of suppressive shielding structures

has been constructed and is presented in the report. This

model consists of design-aid and cost estimation programs

which, with proper inputs, calculates and outputs specific

design and cost variables of suppressive structures. Design

variables include the following, ven:irig coefficient, plas-

tic bending and yield moments of beams, penetration of pri-

mary fragments, and the total effective thickness oif plates.

Cost output variables include 2 material, fabrication,

welding, and total costs of panels, frame, door, and founda-

tion of a cubical suppressive structure. A description of

the model and its construction details are reviewed in the

report. A user's guide which includes step by step instruc-

tions in data inputs is also provided.

iv
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C H A P T E R I

INTIODIUCTION

Suppressive shielding is a relatively new concept in

safeguaring personnel and property in case of an accidental

explosion during manufacturing, transporting, and storing

of explosives.

A suppressive structure (sometimes callcd a suppressive

shield) is an enulosure of a hazardous operation so that if

an accidental explosion occurs, primary damage will be to

the enclosed space. It can also be used in storing or

transporting ammunitions and explosives of various strengths.

Conventional safeguarding of hazardous operations and

ammunitions is through the use of concrete barriers. These

barriers can either be barricades or cubical- types structures

where one or more sides and/or the roof of the structures are

of frangible construction or open to atmosphere. The design

fragments to the side(s) where minimum damage can result in

the event of an accidental explosion. In most cases, pres-

sure and fragments resulting from explosions causes serious

injuries and property damage due to the presence of unpro-

tected sides that are of frangible construction or open to the

atmosphere. Suppressive structures, on the other hand, pro-

vide more complete protection than concrete barriers.

Their usual design is to contain all -'rimary fragments



inside the structure and to allow controlled venting of

blast pressure revu~tmr from an explosion.

Lost supprcssive structures basically consist of four

major structural components: frame, pane)., door, and

foundation. Except for the foundation whach is made of

reinforced concrete, all the other parts are made from

structural steel. Primary frargments are to be stopped by

thickness of the steel. Pressure venting is done by using

perforated plates and air spaces between struictural elements

such as angle bars, 1W beams, pipes, etc. (sae Appendix B)

The economic value of suppressive structures must be

determiined before they can replace the concrete barriers.

An economic feasibility analysis was conducted by the U.S.

Army M,`aterial Systems Analysis Agency at Aberdeen Proving

Ground in June 1974 (l),. This study distinguished the

effects of Cifferent levels of protection and inherent

differences in costs between suppressive structures and

concrete wvall structures. Saving-to-investment ratios

(S/I) are computed in this study upon foregoing walls and

insat.alling suppressive walls for the modernizt.-ion of 105mm

melt-pour complex at the Lone Star Army Ammunition Plant.

Results of this study indicated that suppressive structures

are economically more attractive than concrete barriers.

Therefore, it is recommerded that the technol-ogical

Nur,'bers in parenthesis refer to numbered references inthe List of References.
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developmcnt of suppresssive structures should be crftiriued

and that value en,.-ncering of suppressive struc4urec should

be accomplished concurrent with testing of suppressive

structures.

Value engineering is thPe systematic application of

recognized techniques which identify the function of a

product or service, establish a monetary value for that

function, and provide the necessary function reliably at

the lowest overall coct (2). The most opportune time to

apply value engineerý.ng is during rescarch and develo-'pment

so that any cost savings can be realized throughout the

complete life cycle of the end product (3).

The basic objectives in applying value engineering

during research and development are to reduce the high cost

of developnent, the subsequent cost of production, and the

consequent costs related to operation and maintenance (3).

Since suppressive structures are still in the development

++,sIe ,eo 5- the best time for the application of value

engineerirng.

Research work in this area has been conducted and the

groundwork for value engineering in development of supp5?essive

st-Uctures was reported (3). This research project, as

part of the value engineering study for suppressive struc-

tures, has been introduced in reference 3 earlier. The

obe.._,tive of this reserch project and its role in value

engineering of suppressive structure will be discussed in

Chapter II,



CHAPTE R IT

A COST MODEL FOR SUPPRESSIVE STRUCTUPES

The importance of value engineering in the development

stage of suppressive structures has been mentioned. A cost

model is developed to serve as an important base of the

value enginenring study for a suppressive structure. This

cost model ccnsists of functional requirement parameters,

material parameters, geometric parameters, and economic

parameters.

FUNCTIONAL KEQU1REI.ENT PARAUETERS (3)

The functional requirement parameters in a cost model

are generally specified values from an analysis of the entire

suppressive structure conducted before the actual design

stage. These parameters are generated from the four basic

requiremnentsI safety, prevention of mechanical failure,

environment and logistic support.

The primary parameters which are associated with safety

requirements ar. the a-uf Jis UaL-, a .i ........ -" 4-1I , -i

explosive charge to the person, structures, and equipment

outside the suppressive structure. Other parameters iuch

as degree of fire, chemical effects, etc,, from any hazards

produced by an explosion will also be considered.

The plastic yield strength of structura'. members and

pcnxtration of fragments are the basic design parameters

which rfe!aLe to the fracture failure mode.

Temperature, humidity, noise, and degree of ventilation

I$1



are required environmental parameters.

"Time between inspections, maintenance time (painting,

joining), etc., are logistic support parameters.

These functional requirement parameters are primarily

ir.fluenced by factors external to the structure, and,

depending on which particular structure and its application,

these parameters can possibly be dependent upon each other.

GEO1.'-PPRTC PfARA?.'IhTPES (3)

Geometric parameters of the cost model include the

f ollowing:.

1. Geometric dimensions from selected configurations

Of stcc. angles, Z beamcs, lr,! beams; tubes and panels which

consist of single, stiffened, multibay and yawed shapes.

2. Geometric dimensions of frame, foundation and

supporting structures such as doors, etc.

3. Spacing betwoen panels, size and distribution of

holes in panels, etc. The geometry of an element of

nil! suppressive structures can always be uniquely defined by

specifying certain independent geometric paramaeters.

I..ATERTAL PARAVlEEPRS (3)

V W'eight, density, yield strength, ultimate strength,

elastic .iiodulus, Poisson's ratio, toughness, unit cost, and

temperature coefficient may be considered as the Jimportant

material narameters. In conductiny, a design study, the

selecti on of a material for a s3tructua. clement will be, in

general, based primarily or the material parameters which

.All
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are explicitly defined. These parameters are mostly

* dependent on each other and on chemi cal and physical

structures in available materials.

ECONOMIC YARAI.ETERS (3)

The economic parameters for a suppressive shield in-

clude the following:

1. The cost of structural steel shapes at the fabrica-

tion shop. The base price of the shapes varies with prices

charged by the mills according to the size, weight, shape,

quantity of steel required, and the cost of transporting the

steel to the shop.

2 The cost of preparing dra.wJns for use by the shop

in fabricating the steel. The total cost of the drawings

is charged to the steel supplied for a job. The cost per

unit weight of steel will vary with the total. cost of

drawings and the quantity of steel supplied.

3. The cost of handling and fabricating the steel

shapes into finished members. It will vary considerably

with the operation performed, the sizes and shapes of the

members, and the extent to which the operations are dupli-

cated on similar members. For welded connections, the

fabricating operations may include cutting, some punching

for temporary bolt connections, milling, beveling, and shop
w~elding.

4. The cost of shop painting, if required. T-c

approximate costu of applying a coat of paint to structural



steel for various types of nmembers and structures and of the

labor are included.

5. The cost of shop overhead, sales, and profits.

6. The cost of transporting structual steel. It will

vary with the quantity of steel, the method of transporting,

and the distance from the shop to the job site.

7. The cost of .erection, including equipment, labor,

bolts, rivets, or welding.

8. The cost of field painting the steel structure.

9. The cost cf job overhead, general overhead,

insurance, taxes, and applications.

THE COSTP Fý.ATION

The cost parameters dcscribed above are closely relatea

to design variables and parameters of a suppressive shield.

W:I.th these costs parameters, a cost equation (3) is given as

below:

Cost f$ (Functionalt (Nat er ialF requirement ( parameters
parameters

( Geometric Economic 1
parameters Jparamieters

This cquation is used as the design-aid and cost

estima-te model in this report. The design--aid portion of

this Tflodel Will inc.lude most parameters of the functional .k•

requi.rcement paramaeter's, the material pa'!.-aieters, ari3e the'

-eometric param-eters vile the cost estimate por-tion hanudles

the economic parai~uetcrsc f t•,hu cost equation,



The computerized mooel can be Leperated into two parts,

i.e., the esign-a.id model and the cost estimate model.

Figure 1 is a flow chart of the use of the model. (3).

According to a specific suppressive shielding application,

some application rcquirements are established and a donor

system can be prescribed. From this donor system, weight

and speed of primary fragaments (4+,5,6), blast pressure load-

ing (P,.,6), and venting requircmonts (4, [5) are obtained.

A suppressive shielding structure j..3 designed and its

structural elements are checked against their response to

dynamic loading and functional c;sign requirements. Detailed

evaluations of the technical requirements are made and their

effect on total performance is determined. Through design

review some design alternatives arc chosen, the evaluation

of alternatives and cost effectiveness analysis are followed

to produce a cost effective suppressive shield (3).

The objective of the design-aid model (a computer aided

design of a suppressive structure) is to assist the designer

of a suppressive structure by rapidly changing quantities

of various design variables and 1),a'a fle s in order to

achieve an economic design, and to .. t. 'f,,,- deJ:,n requirements.

Rather than manually calculating vzriou : design variables

and pd.ramncters, existing deo,5,n equation;; irc progranned in

a computer lanuagc and resul Is arc obLtai.ncd.

The same approach is ]pro)Ioucd for the cost; estimation
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of suppres-sve structures. The conventional method of cot

eutimation is a mostly manual method. Such cost estimating

processes are being used in sti mating costs of various

suppressive structures (7, C, 9 & 10). This process (3) is:

1. According to the drawings (blue prints) of a

suppressive structure, its major components, i.e., panel,

door, frame, and foundation are formed. All structural

elements of each substructure together with their materials,

major characteristics and geometric dimensions are listed on

a table. The primary measuring quantities associated with

these elements are dimensions, volume, material density, and

weight from which the material cost can be priced.

2. The manufacturing costs related to making structural

elements are estimated from suggested manufacturing processes

of each stractural element by reliable sources and references

(11, 12, 13, 14). The most important quantities in esti-

mating manufacturing costs are processing time, and use of

equpi::iuri I.* ±lt-L ~ U ~ UUSt are olj~ajctL .LJVLI~L - 'ý--'- -

sonnel and some reliable references for each meastring

quantity.

Miaking use of the similarities between suppressive

structures, a. prog7rafmmed cost estimate model is developed

based on the cost information obtained froirt the results of

the conventional method, This cost est-imate model is

combined cwith the design-aid model. to forni the ge]neral
value cost model for wuppressAve strectures. This model



servcý: a-s an important tool for a value engineering study.

Yopefully, through the use of this model, the designers of

suppressive structures can save some of their valuable time

for decision making rather than performing repeated manual

calculation of cost and decsin quantities.

MODEL TESTING

'Phe validity of a computer model must be tested before

it can be used confidently. Testing can be done by comparing

results computed by use of the model to existing data. The

design-aid model and the cost estimate node! were tested

seperately against design and cost estimate results of the

Categories III and IV supprcssive shields obtained from

references 9, 16 and 17. A comparison of computer model

results and analytic results are shown in table 1 for the

design-aid model, and table 2 for the cost estimate model.

Result of comnarison shows that the model outputs are, in

most cases, in excellent agreement with analytic data.

Ii
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COST IODEL -

CATEGORY TV
ELET.IE.T FAiAr,;ETEPS BSTIP.ATED COT UThR L.10DEL

VALE **ý)

Panel Laterial 14508 14577
Ielding 22540 16908

Fabrication 7714 5685

Door flaterial 1340 1350
VWelding 1293 1566
Fabrication 291 526

Frame ;]Xaterial 6381 6501
Udelidng 2034 7541
Fabrication 1578 2535

Foundation IJaterial 314 343
Fabrication 100 33

Whole
Structure I,1aterial 22554 22772

Welding 25867 26018
Fabrication 9684 8881

GRAND TOTAL 58106 57672

TALLE II. C01MPARISOIl OF COST EST]IATING FOR
CArTOCOIrY IV SUPPRESSIFE STRUCTURE



C 11 A 1, T E R 1Il

MlODEL DESCRIPTION

The computer model is formed by a main program and ten

subroutines written in FORTRAN ]IV computer language (see

Appendix A). The main program contains the input and the

output portions of the model. It coordinates the proper

sequence of calculations by calling the appropriate sub-

routines. The proper sequence of calculations the program

will execute depends on the options specified. The three

options in the model are described below. Necessary inputs

of each option and their formats are discussed in Chapter IV.

OPTIONS

A. OPTION j/1
This option will print a list of W beams. angle bars,

and steel pipes, designated by beam type numbers 1, 2, and 3

(see figures 3, 4 and 5). These beams are tested in the

model so that all the be ains on the list are strUong enough to

withstand input pressure loading. These beams that are listed

are standrd size beams selected from reference 15. The

advantages of using standard size beams in steel construction

are that they are readily available and are more economical

than non-standard size beams. Vith the list provided by

this option, the designer can choose the beam(s) after

reviewing the economical and technical aspects of its usage

in a suppressive structure.

14



Tric conputer irroccduve, for option nusber 1 are zum-

inarized as follos:

. A deck of data cards containing dermensions for

standard sized beams are inputted and stored.

2. Rlcquired inputs a-re read.

3. Plastic yield i:ioment and plastic bending moment of

each beam are calculated and cormpared (see description of

subroutine LV.DS,, on page

4. The beams whose plastic yield moment is treater than

or equal to its plastic bending moment are listed.

B. OPTION J2

This option is used when direct cost estimation of a

cubical suppressive structure is desired. Required inputs

are the overall dimensions of the structure to be estimated,

type of panel confiLguration of the structure, and cost

parameters associated with each type of panel configuration.

Cost ouantities that will be calculated are listed belowt

1. Ivaterial cost, fabrication cost, and welding cost

for each component, i.e. frame, panel, door, and foundation.

2. Total material cost, total v.,elding cost, and total

fabrication cost.

3. Total frame cost, total panel cost, total door cost,

total foundation cost, and total cost.

These cost quantities are calculated by the cost

esti::.alc model to be described later in thYs chalnter.



C.C

J,,
This option includes both suppressive shielding panel

design and cost estimation, The design-aid model is first

used to calculate design parameters such as venting coeffi-

cient (cffective venting area ratio), plastic yield moment

and plastic bending moment of beams, effective thickness of

perforated plates required for both the quasi-static pressure

and the impulsive pressure, and length of fragmnent penetra-

tion. These values are then used as inputs to the cost

estimation model for cost estimation of the same cost quan-

tities described in option #2.

Steps and calculatiun executed in this option are as

followst

1. Read the required input quantities.

2. Calculate venting coefficient required (call sub-

routine VENT) .

3. Calculate and co.mpae p-lasti vyipd moment and

plastic bending moment of beams (call subroutine BMIDSN).

4. Calculate effective thickness of perforated plates

required and number of holes required for proper pressure

venting (call subroutine PLDSN).

5. Calculate length of fragment penetration in steel

(call subroutine FRGPN).

6. Set total thickness of perforated plates to the

larger of effective thickness of pcrforated plates from

step 4 and length of fragment penetration calculated in
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step 5.

7. Calculate thick ess of each perforated plate.

8. Estimate cost of structulvo using quantities from

steps 1, 2, 3 arid 7 ( call subroutine COSTM,).

Four types of panel conf'iur'ations are programmed for

use in options `2 and 1/3 (see figure 2). They are made of

combinations of fragment sto.[An- and pressure venting el-

emunts such as angle bars, I beams, pipes, and perforated

plates.

Subroutines in the model are constructed for calculations

of design and cost variables. They can be divided into two

groups: The design-aid subroutineg8 and the cost estimate
subroutines. The design-aid subroutines are coordinated by

the main program to form the design-aid model. The cost

estimate subroutines themselves constitutes the cost estimate

model.

The design-aid subroutines include.: BPtDSHL (beam design).

PLDSN (plate design), VENT (venting), FRGPN (fragnent pene-

tration), and RTI;OL (root of polynomials), Except for the

subroutine RTPOL which is adopted from the scientific sub-

routine package of the ILI 1130 computer, all the other

design-aid subroutines are developod from design equations

obtained primarily from reference 4 and 20.

The cost estimatc subroutines are: COSTN (cost mod]el),

andFAT (frameoundton costs),AVEL (pane. coTts)e DOOR (door cour ts),
and FT!DTI,' (foundation costs). Those subrouitines- are ba-,(d



Pa,-ne.l Config,ýurati1on 1!1!2 Antics--, P'late, Plate, AlePlate,

Panel Gofi// 1 Das em

1-4AN

Paniel Configuration 7i4 - Pipeas, Pipbeas

0-I

4T'UP k-iH,; O I]GRAP



on estimateo i .x.'o,.. rcfc rce ee C. ,.

THE DESIG;N-AID SULi"CUTim1S

A. SUBROUTI I.,D21,

This subroutine calculates, compares, and returns tbe

p'lastic yield morment and the plastic bending moment of beams

or bars of a suppressive panel. An error ccde of 0 will be

returned if plastic: yield moment of the beam is larger or

equal to the plastic bending moment of the beam. Otherwise

an error code of 1 will be returned. Bquations for calcu-

lating plastic bending moment (l) and plastic yield moment

(:I'py) are given as follows , (4)

Jr b2 L2 S

i 1\1 A• W;
I B

I'•) =1.05 x 41600.0 x (2)1B

Three types of beams are considered in this subroutine.

Their dimensions, and the formula (21) for their moment of

Sinertia (1 ), cross-sectional area (A ), and section modulus

(CB) arc shovrn in fiourcs 3, 4 and .5. The correct formula

All syi•ibolsi used in equation, in this chaptcr and their

,or reespondin -variable -name usea in the model are listed .and

explained in table 3.
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2Q
SYIJiBOL A" l . yi,,T ON TiODEL NAILE D~zi'-isiON .4

AB Cross-section area of beams AR EA in 2

b Stacking distance between beams B in

C Section modulus of beams C in

e Total. venting coefficient VCOEF

e Venting coefficient per plate VCPPL

h Thickness for impulsive loading in

h min Minimum thickness of plates HMAX in

h Effective thickness for plates HEFF in
ep

i Impul.cive pressure AI psi-sec

IB Moment of inertia of beams IIINTA in4

L Length of beam BEAI/L, L in

,1f Weight of primary fragment WPFAG lb.

I'll r Weight of residual fragment VIPPAG lb.

TA Plastic bending moment of beams NOMTP in-lb.
p

Mpy Plastic yield moment of beems M OIANIT in-lb.

N Support coefficent SCOU7

n Number of plates per panel NOP

Nhole Number of holes on plates IlIHOL

P Penetration of fragments PENTIU in

Pq Quasi-static pressure psi

P Side on safety pressure XSOr nsi

, . -M tass density of' steel . .DST-YId -sec2 /l.

TALLL 111. SYPIOF}OJ, IiTQUmIII OTIS



-ecty di~sta-ncc tc. pc~ronrip. R Ft. '
Safety fac'ý;or Sil

Vf Velocity ofl ponmary fragment VPFAG It/sec

r FEesidual velocik.y oi fEragmrent VRFIýAG ft/sec

VICentor def'lcta.!-nr of beam tVJC in

Irc Veic5ght OJLý Char'ge 'IGTCHl lb.

X lc-ni,,tl: of' sup~pressilve- shie~ld ft

y lloiht of suppressive~ chield IISS ft.

:[icJld stren-th of nt-Aap Y psi

II;'

Follk~~ ~ ~ ~ .,U ')),c . . . .1;U~p
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h (

T

AB=hw - (v;-t) (h-t)

IB = t I
=(0.7o71.1)' - (h 3 -1 + wt 3 ) -

- I. I

i-

:._- ~~~FTI, J PLJ•, )i- - rJly1I']. Ti] BL]f':Y.,, - Al GIC] I; i : T•AI•

ii
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J-D 3.1416 4l h-t
64 h (h2)

h
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for 1B, AB' and CE will be used when type of beam is i

specified.

The symbol b, in equation I stands for the stacking

distance between two panel beams (see figures 6, 7, and 8).

It is related to the venting area ratio (ep) and the demension

of the beam. Formulas are found for all three types of beams

(5,19).

1. Type I - I beams (figure 6)

b= a+ 1. (3)
a

C =- . (4)
P 2b

Substituting equation 4 into 3

b =2 epb + (.5

Solving for b

b (6)
1-2eP

2. Type II - Angle bars (figure 7)

b = 1.414 (t + a). (7)
a

ep - (8)
b

Combining equations 7 and 8

b = 1.414 t + 1.414 e b. (9)p
Solving for b

1. 411, t
b = , (10)

* V * - . * - . •: . -. 1 , 44 , c .-..: < " "' " ,' , • " .. • " . . " " ' " i .' " : " " - " " ' , . ' .:"p:
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3. Type III- Fip-co (figure 8)
aeC - .(11)

"" b

b = 0 + a. (12)

Combining equations 11 and 12:

b = d +be (13)
d

b - d . (1L4)

B. SUBROUTINE PLDSN

Iinihnum effective thickness of perforated plates

required to withstand blast pressure loading and number of

holes necessary for pressure venting requirement are the

output variables.

MIinimum effective thic!rness (hep) is obtained by first

calculating thickness for both impulsive pressure loading

(hd) and thickness for quasi-static loading (h1). A
d q

relationship for hd is given as below (20):

-i6 2 1\ haf 3- Y h
2 

1+d +

Equation 15 can be simblified to:

Ah - C = 0 (16)
hd + Dhd

o ~~~~Wher{[i ()±}

2 N, .;.JJoP@



130

16 i• + 7
c r2 22

Roots of eauation 16 are found by using subroutine

RTV-0L. Thicl'cness for impulsive loading (hd) is set equal

to the largest positive root calculated by RTPOL.

As for hq, it can be found from the following equation

(20):

r k/ x\2/2•/N 4 2,- /

D q q + + (

0-'\h0  2 V7 21il 1 -~12(¾) K
2 ,1-1 4 N-2( 2(3-H) [

32 L \ Jhq/

+ 2( Tf2 ' (4 Y) (-ý&
Solvi•.- for hq, equation 17 becom.es:

D h 2 + E h + F =0 (5qq
"" h hr e 2/ . , 

211-.

%I
TT .-I iýJ1 13
-- 2 2*---.IT x )

41172



The roots of quadrcatic equation 18 are:

.-i / -,/17-p
* hq 1,2 2D.(19)i " 2D

We want h to be the largest positive root. Therefore:

- E + ITT - 4D7
h = •(20)

q 2D
After both hd and h are calculated using equations 16

dq

and 20, minimum total thickness of pacl plates (hmin) is

then set equal to the larger of hd and hq.

hmin max [hd hq ] (21)

To compensate for the effect of venting space on per-

forated plates, h (minimum effective thickness fof eahep

perforated plates) is found by (5):

he (22)
ep n (1 - ep)

Number of holes required for each perforated plate is

calculated by dividing venting area by area of' holes:

A, e,
Nhole. ()

Ahole

C. SUBROUTINIE VENT

The venting coefficient (e) ji: calculated and returned

in this subroutine. "e" is the total venting coefficient

for all perforated plates or beamrnq. 'or venting coefficiiunt

-of each individual -plate, the following formula -is. used (5):

'.1 1 1 1

.- + + + (2k)

p p 1<
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And for- n plates

- (25)
e e

And therefore:

ep= ne. (26)

Relationship for "e" is given by (4):

r, 2/3 e 1/2

976.3 i 1(27)
R x

Solving for "e", equation 27 yields-

(__ R ~J/2 xl,//2 2
9 76.3 We2J/

The following constraints are imposed on equations (27)

o 00263 - e i o.6o. (29a)2 x
0.323 '- 1.77. (29b)

• R

4.27 - 17.5 (29c)1/
'Ii C

These limits are checked in the subroutine arid i they

are ECceeded, corresponding error messages will be returned.

IFor design purposcs, "o" is set cqual to 0.0263 if it, value

is less thccn 0.0263 -ind is sct equal to 0.6 if' its value is

gru' 1,t h an 0,6.
.. "..1 . -.. gru. c th n . . .. , * .,.. *..*...".., ........ • . .* *.*.*,...: ..

D. SUPrO0UTIME Y},GrGPI'

With woeght and velocity of primary fragrrents as inrut

variables, depth of fragment penctration in steel ifs calcu-

Sa'tsed. I.t is thc thicknu-ss of steel that would be rJ1ccecs:f.ary

.I
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to t-':,op penetration of primary fragrments. The equation used in

its calculation is (5):

p 0.112-2 I-If -/ý V/3 (30)
1000

This subroutine is also programmed to return residual

velocity (Vr) and residual weight of fragment (Mr) if the

thickness of steel target is specified. The value of the

residual fragment velocity will be negative if the target

thickness is thicker than required. Formula for these two

quantities are given as (5):

4
loglo (Mf -- Il) = a0 + Z ai log1 0 Xi (31)i=1

logio (Vf Vr) b 0 + b,.log1 0 X (32)

Where' X1 = Thickness of steel target,

X2 = 1Weight of' primary fragment.

X = Secant of angle between direction of

S.... --•. ... J. Ii-L1-1 of th ... .t

X4 = Velocity of primary gratgnent.

And a = -2.2776 ; b = 3.9064 I
0 0

a = 0.2',85 b = 0.91496 "

O .9ik.5 *;•. ... , . . , .,- .... /..

a 3  0.1958 ; blx 1.2U,'1 ;
3 .3

* a= 0.6394 ; b 0,1929

II

4- n

lift____
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Upon solving for 111 and VrP equations 31 and 32 become.

0
- (a. + ai log, 0 Xi)

Imr 10,• i (33)

(b + ± bi Xj) (3l)
Vr=V-j--

COST EST.TI.hAT. SUBiROUTIN],2;S

A, SUBROU]_I'UE CO0STii

This subroutine and the other cost subrou.tines cons-

titutes the cost estimate Diode.. It calls the other four

cost subroutines (FlAIEJ, DOOR, PANTEL, and FI14DTII) for material

cost, welding cost, and fabrication cost of each of the four

components of a cubical. suppressive shield. With these cost
i• quantities, it computes values, for total welding, cost, total

material cost, total fabrication cost, total cost of door,

total cost of frame, total cost of panels, totas,] cost of

foundation, and total cost of structure (grand total).

The cost estimate model is developed for cubical

su......A vcp ...... • "....-ro y n•Nre5svn, hields
Srepresent a tykpiccal type of' cubical soupjpressive Structure with

Swell- defined featuies. Therefore, it is used a.-, Li base, for

the construction of the. cost estimate, nodel.

A few assue..inption-- ,_ ýo.'e made upon the constru~ction ~f. t Ii C

cost estinate m'odel ' *."

1 . A].l l tructurc,'; hay - t) ,c sane ac stCV Mc-tural

eor~ijionentsl ac" the UGitcegry 2V U~Pjwc,;AVe s1; (juld

2. All dTciJ13ioIs of structurail components varie
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linearly with the overall dimensions of the suppress~vc

Structures.

3. Fabrication cost and welding cost of structure are

linearly related to the material cost of structure.

According to a cost estimate of a Category IV suppressive

shield (9), 26/ is a reasonable figure for average cost per

lb. of steel of structure which includes such cost items as .

base price at mill, extras and delivery to shop, drafting;

shop coat paint, trucking to job site, erect and plumb, crane

and minor errection equipment, and a field coat paint. This

figure does not include welding cost and fabrication cost

of the structure. Welding cnot inclu.des Co.t of ried.

weldinc equipment, and labor cost for welding. Fabrication

cost is the cost of equipment and labor for cutting, grinding,

and smoothing of structural members into proper shapes and

sizes.. The cost estimate (9) showed that the average welding

cost and the average fabrication cost (per pound of steel)

are 31/P and 11/ respectively.

In the cost estimate subroutinoes, the weight of each

component of the suppressive structure will first be computed.

Then the material cost of' each component aro deteLrmined by:

liaterialt cost; i vht of structure x Unit cot- of steel

.. .. , ere . ...Vll e.r.".e . , ,

Unit co'st of steel: ,O,.26 per ,ournd,

"r'oJI) m~ateria. cost, fabric 'tion co."t, a-nd welN l ,d i cost

of each component can be calculated:
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Fabrication cost = .aterial cost x Fabrication cost
factor (36)

"Welding cost = iaterial cost x Uelding cost factor (37)

where $411
Fabrication cost factor 0.39, (38)

$.26
and

$.31
Welding cost factor - 1.16. (39)

y. 26

To compensate for the effects of inflation and other

economic factors that may affect the cost of the structure,

values for unit cost of steel, fabrication cost factor, and

welding cost factor can be changed easily.

This subroutine computes and returns the material cost,

the fabrication cost, and the welding cost of the frame of

a cubical suppressive shield.

The frame of a cubical suppressive shield consists

mainly of V beams, angle bars, and plates. Total weight of

W boeans constitutes approximately 49C of the total weight

of frame (9) . Therefore, if we can estimate the weight of

b beawms-, then:

Total weight of frame (lb) total weight of IN beams
100

x • (40)
49

T tal wcj.ght df I beams is directly'related t6 total

volu.me of W beams:

Total w,.eight of N beams Total volume of W beams

x density of steel (41)
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where .z

Density of steel 490 lb/cu. ft. (42)

Volume of W beam is calculated froin length of 1- beam

and its cross sectional. area-

Volumco of I', beam = Length of % beam x cross section
area. (43)

Fourteen vertically situated W beams account for 65.7%11

of total, lengtn of all 10 beams needed (9). Therefore, total

length of uI. beams can be calculated by:
1O0

Total length of 1.1 beam = 14 x x Height of frame.

By combining equations 41, 43, and 44, we have the

equation for the tota] weight offr"onae.

Total wei.ght of frame 21.7 x eight of frame

x Cross sectional area

x Density of steel
100

x •(45)
49

A t UJLA'L ; pIo i t , e uq t b'±UIn *" j ,. I.j u , ( .•

calculate material cost, welding cos-;, and fabrication cost

of the frame.

C. SUBROUTINE P1AHKL

This subroutine is procrammnd. tc rcturn material cost,

fabrication cost, an w,,,rld... . cost of" r L.,. "ith ] l of a
... . .. , ......

Suppressive structure, Four t'ofs 'f Tnarel configurations

are also protramned to be cor3,15')cnt ",;,3th n1c _cCigi-aid

in(cl (,see figurf - 2)

Total] woirghit of a parno]. i co.utr, i lut-Kd U:: -!,. follow:ing



C roups of structural clemcnt,:-

S. ]Fragmient 'stoppingr and prc.--urc venting elements -

beams, angles, stec pipes, and perforated plates.

2. Channels.

3. Miiscellaneous items - bars and plates.

The kind of fragment stopping and pressure venting

elements used in a panel is determined by the panel configura-

tion chosen. Two channels are used for the frame of a panel.

I;iiscellaneous items such as lifting eyes and reinforcement

bars are needed to complete the panel.

rMIiscellaneous items contribute very little to the total

weight of a panel. It only amounts to about 13% of the total

weight of panel (9). For an estimate of its weight, we will

consider it as a percentage of the weight of channel:

Weight of miscellaneous items
+ = 2.8 x Weight channel

Weight of channel (46).

Thus, total weight of channel can be estimated by:

Total weight per panel = 2.8 x weight of channel

+ weight of fragient stopping and
Spressure venting elements (47)

Weight of channel is computed as follows;

Weight of channels- Number of channels

x Lcgth of each chanri'el
" Crdss sectional area 0f channel

x Denisity of steel • (48)

A reasonable est'Limate of crofs sectional area of channel
is by its witdth:



Cr 'ýscctional rarea =, I.5. : idth of channel, (9 -

TherO.U0Y'c, equa-ti-on t8]',ecomest.

Weihtof channeI = Number of channel's

x Length of channel x 0.58

x U!idth of channel

x Densith of steel (50)

w~herc

Lengrth of channel. = eight of panel.

!Width of channel = T'hi-cknes~s of panel.

P,.lumber of channels = 2 
c e tvei*ht ofraent Stopping and pressure ventingIe*Iet

(wf-0) varies w,.ith the type of panel configuration specified:
. 'arie conf iLbration.

Gofp is equal to the sum of weight of annles 1,

v¥reiLgh t of,. angl-3es 2, and w~eigý;ht of perforated plates.

Wfp =Veight of 7.ngles 1 + WeJight of angles 2

Thrfoe eqAtio +F becomes:ý n

vh C" r C

Neeight of cannl1 = Number of anes 1 x Cross

al area o x Panel xength x Density

x sof steel.(50)

,enth 0of alnnel = Height2 of a-nels . x Cross scction-

• - ,." . ... -". .- .,""...., < ;,, <.",: .. ..• ,1 'area...2 .-x .-P2nel "le g-th. ,x D ensity.- .. .:.

itofhnlnss o, pa

Numbr ofchanels 2

Wegtc rgetsopn adpesr etn lmn(Wfp vares ith he tpe f pael onfiuraton peciied
'1



WeigiK of perforated O]ates [ .lumber of pepf'orated plates

x Thickness of each plate

x Panel height

x. Panel length

x Density of steel . (54)

2. Panel configuration 7`12:

In this configuration, W., equals to the weight of

angles plus the weight of perforated plates.

W fp = Weight of angles + Weight of P. plates (55)

where

Weight of angles = Number of angles

x Cross sectional area

x Panel length

x Density of steel , (56)

Number of angles = Panel height/b. (57)

Number of perforated plates is computed using equation 54.

3. Panel configuration )73:

Only W beams are used in this configuration. There-

fore, fp is equal to the weight of . beams.

1fk W Veight of W bea.ns

N,lumber of W be.s x Pýanel length

x Gross sectional arca of U beam

. o.....Dcnsity of steel (%)

E.ujiber of ".U beaT's = 2 (pan~l heigh~t/h) -- 1. (99)
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4. L aroa]. config.uration ,'t .

Two rows of steel ri_-nes of the. same size are used

for stopping,; fra.mnents and venting pressure. W for this

configuration can be calculated as follows:

Vl ='Weight of pipes
fp

PNumber of -pipes x Panel length
x Cross sectional area of pipe

x Density of steel (60).

where

Number of pipes = 2 (panel height/b) - 1 . (61).

Now, total weight of the panel can be computed by using

equations 47, 50, and the equations of Ufn for all four types

of panel configurations. Welding and fabrication cost of

panel can be found by using equations 35, 36, atid 37.

D. SUBROUTiIiE DOOR

This subroutine calculates the material cost, welding

cost and fabrication cost of a suppressive door. The struc-

ture of a suppress•ive doouu is b'asical-ly t an a e

It has the sane basic elements: fragment stop-ping and pres-

sure venti-ng, elements, channels, and miscellaneous items. Due

to those similarities, equations derived for panel costs are

applicable for door costs also. All equations for- !'"fp

(equ-.ions 51 to (,I). will be the. same. with panel length and":" ": ~.......... ... "..........:"""."'"":''' ..........................
d . ". : " ' .' . '. . F .

paincl hi.ght- chan.ed to door length nd door height, Extra

channels are needed for the door edges. Therefore, the

equation for weighit of channel becomes:
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;eight of channel =2; (door hoerht, and door length)

"x 0.58

x Door' thickness

x Density of steel . (62)

Special items such as trolleys and trolley tracks,

changes equation 46 -to;

oeight of misccllpaneous items J.
+ = 2.04 x Weight of channel 9

Weight of channel (63).

Thus

Total weight of door 2.04 x Weight of channel + :

M4aterial cost, welding cost, and fabrication cost of

door are then com-puted using equation 35, 36, and 37.

E. SUBROGUTINE FNDTIN

This subroutine is used to estimate material cost, weld-

ing cost, annd fabrication cost of the foundation of a cubical

suppressive shield. I4atorial cost includes cost of concrete

and miscellaneous items. Cost of concrete can be calculated

from the total volume of concrete used-

Cost of concrete = Volume of concrete x Unit cost of
concrete. (65)

where

Unit cost of concrete = '25.,71 por cu. yd. of concrctc.

• . ....Voume of. concr.eqe..Yeeded-. is computed by given ,.ength.

of founrdation (1i), width of .ounda,"Lon (V.'f.). a I 10h"- of
-L

foundattion (hf) Fligure 9 i'eprc,.ent, the concrete portion of

the foundation and therefore:



Volue of concrete ( *, ) - 2t(V)

x (wf - 2tf) x (h f - tf) (66)

Cost of inisceo.laneous items approximately equals to 33"

of cost of concrete (9). Therefore:

rTotal mAterial cost of foundation 1.33 x Cost of
concrete(67),

ielding cost is equal to zero since no welding is 1
necessary. Fabrication cost of foundation is obtained by

using equations 67 and 36.

Ii • Ii!

-.. . .-
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a 1' A 1? I I'2 INH.

ReqS rd dta o b iput-11ted by the user re listed

Ibelow for all o:, the three, opt~onn._ Input pr-ocedures for

required data wilbe descr,-ibed later in this chapter.

A. I'OT's FOR" 101GH//

I. Option num.,ber - equals to 1.
2. Length of sunpressive structure -distance between

cornor vertical IU beams of the longer side (ft.).

3. idth of supeyicstructure - distance betv.ocn

corner vertical l' beams of the shorter s~ide (ft.).

4.}eight of.L suppress:ive structure - distance between

ton) of concrete slab and the lowe~st roof V' beani.

5.Impu-lsive pressure i (ps'i-see).

6. Quasi -s-tatic press'ure q P1) ak'I

B lLUL$FOR 7/'1 Q W2

1. Option niumber - equal~s -to 2.

2. ILcngrth of suppressAve structure- (ft.)

14.liight 6f. su~ppre~ssivw stru ctu-re ( ft.) :..

* ( 01 1ite oa)iut"i0l- ,2,3 ork(2C



Other inputs for this option depend on the type of panel

confiri',ration 53c¢'Lficd in 9.

For panel configu-ration #i only:

6. Cross-sectional area of angles 1 (sqý ft. ).

7. Cros;s-sectional area of angles 2 (sq. ft.).

8. Thickness of perforated plates (ft.).

For panel cori uration jt only:

6. Cross-sectional area of angles- (sq. ft.).

7. Thickness of perforated plates (ft.).

For panel configuration ;Y3 only:

6. Venting coefficient per plate (eC).
p

7. Cross-sectional area of 'd becams (sq. ft.).

8. Width of V. beamns (w) - see figure 3 (ft.).

For panel confiiguration 14 only:

6. Venting coefficient poer plate (e).

7. Cross-sectional area of steel pipes (sq. ft.).

B. Outside diameter of pipes (dO) in feet.

C. IJ-PUTS FOR OP;TIONIS #1

1. Option number - equals to 3.

2. Leiv-th of suppressive structure (ft.).

3. Width of supprs•sive, structure (ft.)

, 4.. = , . .m p u i ; teo . up n rre s ivss rcur e (t. . p . i . s : c ) . f t .. .. , ) ~ .: . " i - . . , . . , . - -

6 ¢•u s.• * '- •', '.

s. .Thepolv.c p ro *sure. (ps
6.Quasi-sutAc ImBUcP(si

7 S)ide onuatypese r)

U. Sa~fety di stancu to personl n (1 (It.)



9..Wei nht of cXi)loSA~vc chare, (it.)

1o. egtofpiryfragricull 1.(b.

11 . Velocity 'if primary fragmont V.. (11./sec)4

12. Type of' pancl configuration - 1, 2, 3, or 41 (see

figuire 2)

Other input,- are determiined, lby -type of panel confiCguLrat-.

ion spccified in 12.

For, -Drael config,ýuration -,'/ only:)-

13. Ulcig,,ht of angles 1 (h)-see fif-ure 4 (inl.).
14. W.:i~dth of anglescý 1 (i) -scee fLigjure4(in)

15. thiclkness of angles 1 (t)-see fj.-ure 4 (in.).

Fo r panel confi,-uration ij12 only:

13.II-,-.-h o a:,IcsOi-sJec f'igurec 4 ( in.)

14. I.dth of anglecs (w)-see figure 4 (in.)

'15.- Thic)kness o--' angles (t)-seec figure 4 (in.).

For -ra cenfigu ra1i#3 onlIy:

13. oieghIt of U: b(,am.- (1) -se ce u, ro 3 (n.)

13. Thicknecss of-J I* boam (t) -sec f igure -' (inl.)

vrp-nel -"I, o~ oly:

*~ ~ ~ 1 .. *f :2. V 'macm.ess of ppe ct) fd <figure ( in)-....

LIr C2 u sc m ( cu i l -c " on .(Y'I



ste)cjrjup to avo] 0 .qj sleJ~cdinL rocult2 arld errors

SarnpJ input foi~for optilons ,I~lp l 2,and 73 rc shown

in fiiures 10 to 15. Card i-m~iber, card coluiinz3, and descriTp-

tion of the input variable, ame given in the input forms.3

The user is required to use the, correct inputu forrm for the,

option chosýen and enter)-s t~hc nurcrical values for the input

variablos ii- blar"h aQ~ n t-h right. The user should

makecerainthat thc n~uimhcr- wntered arc, of the fae ormfat

(integuL,,,r nufn^ber.s or floatinp- point numbers) and di-mension as

specificd. Spccial attentLion mustu ho givenl vwhen fillinng out

in-,put formps for optionis ý,'2_ and. I!. otico that there are

:five part!s of' each inpuit Lornni IPart Allo,~ d bc filled" vu t,

at all1 timres before proceediing- to othcx parts, P:arts D, C,

L and E. are used for additional1 inputs for panel configura-'

tions ;~,&,~/,aiid il,'4 respectively. After com-plcting,,

part A,, fill out the, part thaýt correspo~nds to the panel con-

figuration you have chosen. Ilumerical values enteved should

be euokud after the coirlrnetion of the inpurt fo~rm.

The next -tolr) is to key-punch- data cards from the input

f orf i'),crical val-ues: for input variablels shIould be hey-

I punchucd vithl n the card coluifns specified on iniuut form~ w'hcn

* K dee :.11n1i poJrint 1i -r icqu rcd . ti~ Ie-pue I ~ ore(l cr of

'I :these data cai-ds- should be -checked, . **



iI1PU0T 1OIk'0 FOR OPTION -Yl

CARD CARD NU.FRI CAL
NUII,BER COLIuI.NS VARIA]ILE DESCRIPTION VALUE

1 5 Option number
(no decimal yoint)

2 1-.0 Length of suppressive shield
(ft.)
(decimal point required)

11-20 width of supproSlvc shMold
(ft.)
(decimal point required)

2 21-30 hIeight of suppressive shield
(ft.)
(decimal point required)

3 1-10 Impulsive pressure (psi-s0c)
(decimal point required)

3 11-20 Quas-l-.tatic pressure Pq
(psi)
(decimal point rcquired)

",..

I'-,

r1LIJI, 10



) ]]-'UT R"0DI..; 101L 01T 0ON ;J,2

PARiT A- FOR ALL PAINEI C01,JFICURATIOI'S

Cr. AR NU,,"iE PI CAL
C ATi, D CARD VARIABLE'3 DhSCRIPTIONflU.i-ER C 0LU!,"I"S VALUE

2, 13 Option number 2
(no decimal point)

2 1-10 Length of suppressive shield
(ft.)
(decimal point required)

2 11.-20 1-Uidth of suppressive shield
(ft.)

2 (decimal point required)

2 - Height of suppressivc ohicld(i't .)
(decimal point required)

3 3 Type of panel confim.tration
(no decimal point)

PART B -1 ,'O PAI.1EL COIFIGURATION #1 ONLY

i-I0 Cross-sectional area of an-les 1
( '- . ft. )

* (decimal point required)

4 11-20 Cross-sectional area of angle,"q 2'(sq. ft.)
(decima! point required)

21-30 'Thickness of perforated plates
(ft.)
(decimal 1)obt required)

S. .. • .. ; ".. . . . .. . .. -. . .-

. ]"3 (.•IJ!], 11.

I I
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T Ti%-'Pf.0_.,i' ,, 0F' IITUT FOGRr.- FOR OPTIOU 112

PART C - FOR PANEL COI.FICUtRATION Y2 ON'LY

4 1-10 Cross-sectional area of angles
(sq. ft.)

(decimal point required)

14 1-20 Thickness of perforated plates
(ft.)

(decimal point required)

PART D FORI PANIl CO]FIQRATION l ,3 OLY

4 1-10 Venting coefficient per plate
0 )
(decimal point required)

4 11-20 Cross-sectional area of
W beam (sq. ft.)
(decimal point required)

4 21-30 "-'idth of W beam
(ft,)

(d'cimal point required)

PART E -. FOR FAItML COIiIC-URATIOIN I'4 OHLY

4 1-10 Venting coefficient per plate
Cp
(decimal point required)

(sq. ft.)
(decimal point required)

4 21-30 Outsidc diameter of pipe do
(i't.)
(decimal point rcquiierd)

I"2 rCU :-•:; 12



"IINUT ,ORI FOR CYT1ON #3

PART A - FOR ALL PAI,3IFL CONIlOURATI'OIS

CARD CARD N1JL'IRICALCARD AI-tDVARIABLE DE•SCRIPTION V-O,ýERI CA

NUIN'ER COLUtIIS VAIONUE

1 3 Option number " 3

(no decimal point)

.__.__.___ _. __.. _, __ ___ _ _ _ _ _-.__ _ __ _ _ _ _ _

1-10 Length of suppression shield(ft.)
(decimal point required)

2 11-20 1!idth of suppressive shield
(ft.)
(decimal point required)

2 21-30 h1eight oi suppressive shilid t
(ft.)
(decimal point required)

3 1-10 Impulsive pressure ir
(psi-sec)
(decimal point required)

3 1-1-20 Quasi-static pressure P
( r�s�~ q

(decimal point required)

4 1-10 Side on safety pressure P1
(psi.) 

s

(decimal point required)

S 11-20 Safety distance to personnel P<
(f't.)
(dccixmal point required)

4 21-30 b.'C Ojht of cxpl.o0ive char-c .'
(lb.) * . .point required..____I . *. (decimal point required). .. .

F"] (J1f-RL 1 3



CONT1NUATION "1" OF INPUT FORbi FOR OPTION 3

PART A - CONTI N UED

5 1-10 Ueight of primary fragment Mf
(lb.)
(decimal point required)

5 ii-20 Velocity of primary fragment Vf
(ft ./sec.)
(decimal point required)

6 5 Type of panel configuration
(no decimal point)

LART D - lO I"A1N]E, COrIFIGURAITION I'i ONLY

7 1-40 Height of angles 1
(in.)
(decimal point required)

7 11-20 VWidth of angle's I
( in. )
(decimal point required)

21-30 Thickness of an.gles i

(decimal point required)

PART C - FOR PANEL CONFICURATION #2 0I'LY

7 1 1-10 IHeight of angles
(in )
(6u.cimal po,• i•nt rcqu3rj:-cd)

7 11-20 Uidth of' angle.
( In. )
(decimal. point required)

7 21-30 hiclcnes of a.ims;].e8
( in ..) .

• " _" . dcimal.point require'd d)' . ""

i - .. • ' . :. • " . i' ' , . " " . " . ' ' " ' . ' " " " .

* FI"T N 1'r ' '"1



COTI'TI:NUATICI! "2" OF I 1!PUTi ,O11i FOR 1TIO'ON j1`3

PART D - FOR PM4EJ CONFIGURATION #3 ONLY

7 1-10 Height of hU beam
( in.)
(decimial point required)

7 11-20 .,idth of U beam
(in.)
(dcc 0 !d noin t required) -

7 21-30 Thickncss of t' beam
(in.)
(decimal point required)

,PAT IE - FOR PANEL CO 1'IULTRATION `14 0-y]A

i0 height of i5-pe
J (in. )

1 . . .. ; (decimal point i uquired)

7 11-20 U.''idth of pipei (in.)

(decimal point required)

21-30 Thickness of pipe
( in. )
(decimal point required)

': . .' - -. •
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C It A I ? h Rh V

COOCiIS Oi(MS

The design and cost informatiorn of a suppressive

structure are the necessary backbones to support value engi-

neering activities (3). The design--aid and cost estimate

model presented in this report provides a valuable mean for

obtaining. such inforinations. The advantages of using this

model have been discussed in previous chapters. However,

supprcssive structures are still under development. New

ideas and design concepts are continuously being generated

by researchers and designers of suppressive projects.

Therefore, the model must be periodically revised according

to now technology and developmnents to provide up to date

des.lgn and cost information. The design-aid model could

be easily modified for new design concepts. Corresponding

chani.;es in the cost estimate model could also be done to

provi~d' 8. o-ninpetc value model.

This model is developed only for cubical suppressive

structures. The model can be modified 'to include design and

cost estimat"es of different -types of suppressive structures.

One should clearly define desircd objectives, fun~ctions,

or the.o so s, [tt t]e su1w:rc ;vc s tl'ictu]:c are to be

ac.complished w~hen applying this model. All functional
rt:C]lilCh(:] t,< c' ... h " "

ma, then be idcntifie!d. urthmc,-, vr",Ou. ati'i].tjves

of concepts for accomplishin- the function2, have to bc

U5



rC ev C'. c aridt01- enhancd c d cnr;t.-e.tiictiye cup-pro~s. ye ;hicold

shoul2 nFcIU.lI through-j the utwo of thin- model and othe--r valuel

engineerin- activitc-s outlined din reference3
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CA2BOR TIIJrXON ANID ILLUSTRATIONS OF

SUPPRELSSIVE ST1FRUCTUflES

Suppressive structures are divided into seven categ'-ories

acco'cdin.r to the srjccific haz~ard r~aranetors present. Table IV

shows,. thu-le definition of t~hese seven catelgories and their

rcT~resentatJive o-perati-ons;.

Pictures and blue p~rints of su-o-ressive structures

included inf this appendix are obtained from Edgew..ood Arsenal,

Aberdeen Proving- Ground, M.aryland. They illustra-tle two

different ap-mlications of suppressive shi-elding concept and

const)Lruct-ion detCails of su-upressive sh-ield conmonents.

Figures 16), and 17 show,- the Chemiical Asgent Munition Disposal

Sun)pres-sivc Shield (CAR-'.D) which was constructed and tested

at Dugw%-ay Provring- Ground, Utah. As w-: can see, CATMD has t'he

four basic coirionents of all cubical suppDiressive shields, i.e.

fraimei, -oanel, door, arnd..foufidation. -Fi1,,res iS" and 19 show-

the .-d : a'-ll of" CA",,Dl a-f-i"er tostlir-. Arrowis show,- where

fra.gýments hi-t the, Panel--.

F3 u, ~:re s2 0 and, 21 illustrate---s a~not-he:r t-ype of suppresso.vc

st-ructure ~ - heLlosive Ordnance ]D-mo sal Yransport.,able

v,2 c cThicl (B-)-I ,P. 3 0Cntructed at D,;r~~

r;* C 1,,

Ir10e



oiP tefl-Ist :i x t-1c u11.0 of C~:ce o-oy ur';ieS4cd

arc sh;nin 3-2,'U.rc 2 ,2 ar~d 23. A 1~ cal irf(rh

cubial utmrss3.ve shields is a1.i-o chown in figu~re 241.



SLUt'PREESI~'VU. S! tl ]-lJ") c.vriT:G ,RY lu:!: !.I .1TJ S

Category lHazard Parameqrters Represcntative Operations

1 Extreme bla:st pressure Melt-loading (2500fl batch)
(500-1200 psi)*

Major caliber projectile processing
Severe grafmentation

Bulk loading operations

2 High blast pressures Rini melt applications -

(200-500 psi)
High explosives processing

Moderate to severe (boosters, bursters, etc.)
fragmentation

High explosives bulk to 500 lbs.
3 High blast pressures

(200-500 psi) Mtmition comp)onents, deter..itors, fuzies

Light fragments

4 Moderate blast pressures Processing of r6unds with limited
(50-200 psi) bay capacity

Moderate to severe Smaller exp)losives bulk approximately
fragmentation 200 lbs in conrentional cubicles

Large bulk operation (to 500 ibs)
in larger process room!s/areas

5 Light blast pressures Bulk propellant processing
(less thain 50 psi)

Bulk pyrotechnic processingLight to moderate

fragmentation Light mctal or plastic HE componcnts

Flame propagation potential Lindted numPbers of HE' rouids

6 Ultra high blast pressure Close in protection of small
.(500-2000 psi) quantities explosive laborazoraý-.

handling and transportation
Light to .,oderate
frageCntation

S . 7_ .. ,oderate blast pressure.,. .. Chemnicl I-. itions
(500-200 pci)•

Severe Fragientr f. ion Pyrotechnics
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